Recent global terrorism activities and threats imposed prominent danger to the public civil 8 infrastructure, and thus blast and impact resistance design of structures has become an 9 indispensable requirement in the design processes. Fiber reinforced polymer (FRP) can be 10 used as an excellent material to improve the blast and impact resistance of structures. Up to 11 now most studies concentrate on blast-resistance of FRP strengthened structures. The number 12 of studies about impact resistance of structures strengthened with FRP is very limited and the 13 findings in these studies are controversial. Since structures under blast and impact loadings do 14 not necessarily behave the same, it also is important to understand the performance of FRP 15 strengthened structures subjected to impact loads. This study aims to provide an overview of 16 the impact resistance of structures strengthened with FRP, which include reinforced concrete 17 (RC) beams, RC slabs, RC columns and masonry walls. This study also reviews the dynamic 18 properties of FRP materials. Although some issues still need to be investigated and clarified, 19 it would be suggested that FRP can be used to strengthen and protect structures against impact 20 events or terrorism activities. 21
Introduction 23
Recent global terrorism activities and threats imposed prominent danger to the public civil 24 infrastructure, and thus blast and impact resistance design of structures have increasingly 25 attracted the research community. Fiber reinforced polymer (FRP) has been commonly used 26 in the field of civil engineering for a few decades [1] [2] [3] [4] . This material can be utilized in 27 improving the blast and impact resistance of structures. It has been used in strengthening or 28 retrofitting existing structures, or building new structures ranging from beams, slabs, 29 columns, to walls [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The use of FRP has been shown to increase the strength, stiffness, 30 and ductility of strengthened structures. This use has now become popular worldwide because 31 of the superior properties of FRP materials, which have high strength to weight ratios and 32 excellent corrosion resistance. The behavior of structures strengthened with FRP under static 33 loads has been comprehensively studied and presented in the literature [15] [16] [17] . However, 34 studies about dynamic responses of structures strengthened with FRP are relatively limited. In 35 terms of dynamic resistance, more attentions have been paid to these structures against blast 36 loading rather than impact loading [18] . Accordingly, Buchan and Chen [18] presented a 37 state-of-the-art review of blast resistance of FRP materials strengthened concrete and masonry 38 structures. Studies of FRP strengthened structures against impact loadings are very limited. 39
As a result, there is no review study about impact resistance of concrete and masonry 40 structures strengthened with FRP either. Experiences and research findings of FRP structure 41 performance under blast load may not necessarily be applied to assess the structure 42 performance under impact loads. This is because the effects of impact loads on structures are 43 different from those of blast loads owing to the different loading rates and loading type 44 (distributed or point loads). Blast loads have very high loading rates (~10 3 s -1 ) and are usually 45 distributed in part or entire structural component while impact loads usually have relatively 46 lower loading rates (~10 1 s -1 ) and are often concentrate point loads on structures. These1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 but rebounds. The incident velocity of the impactor can be theoretically estimated by the 95 equations of motion or experimentally determined by a high-speed camera, accelerometer, or 96 an optical sensor. One of the advantages of this type of tests compared to Charpy and Izod 97 pendulums is that a broader range of test geometries can be adopted. Although a semi-98 spherical impactor is commonly used in these tests, the use of other shapes such as cylinders 99 or sharp point is possible. Dynamic capacities of the specimens can be determined by one-100 blow drop-weight test while fracture energy is determined by multi-blow tests in which the 101 specimens fail by a number of drops [27] . 102
Potential Materials 103
There are many types of FRP and polymer materials available for strengthening and 104 retrofitting concrete structures. An appropriate selection of the most suitable material is based 105 on the optimal performance and cost. The most popular materials used are glass fiber 106 reinforced polymer (GFRP) and carbon fiber reinforced polymer (CFRP). In general, GFRP is 107 more economical than CFRP but the later can provide higher tensile strength and stiffness. 108 Accordingly, high strength CFRP material can save resin and may lead to a more economic 109 total solution [18] . 110 Crawford et al. [28] recommended the use of aramid FRP (AFRP) for strengthening structures 111 in terms of impact events due to its impact resistance rather than CFRP and GFRP. However, 112 in terms of confinement effect, Crawford et al. [29] suggested that CFRP is preferred to 113 GFRP and AFRP for wrapping columns because it possesses high stiffness which prevents the 114 concrete from expanding. 115 Davidson et al. [30] thoroughly described the process of selecting a retrofit material. Twenty 116 one potential materials were evaluated in the initial phases of their tests: seven of those were 117 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Introduction 151
It is commonly accepted that as the strain rate increases, there is less time for damage to 152 develop so that the amount of accumulated damage at a particular strain level reduces and 153 then the material can sustain higher load and failure strain. The dynamic properties of FRP, 154
i.e., strength, elastic modulus and failure strain, thus were found to be greater than those under 155 static loading [32] [33] [34] [35] . These studies concluded that the dynamic properties of FRP are 156 affected by the loading rates so that they are rate-dependent. There are three common levels 157 of testing rate: quasi-static (~10 In addition to the strain measurement, an extensometer is advisable and it provides a very 176 accurate measurement of strain in static tests. However, in dynamic tests carried out in the 177
Hopkinson bars, the use of extensometers leads to changes in the inertia of specimens and 178 limits frequency response of this system. Strain gauges thus are recommended in dynamic 179 tests [40] . 180
Effect of the strain rate on the dynamic tensile strength 181
It is commonly agreed that the tensile properties of FRP generally increase when the loading 182 rate increases [40, [47] [48] [49] . The tensile properties of FRP are referred as the tensile strength, 183 the failure strain and the modulus. It is worth noting that the word "modulus" is used instead 184 of elastic modulus as usual because some studies had shown that the stress-strain curves of 185 FRP is nonlinear [39, 40] . Studies belonging to the rate-dependent group concluded that the 186 tensile strength of FRP increases from the static values when the strain rate is greater than1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   9   about 10 2 -10 3 s -1 . Only a few studies reported testing results on dynamic material properties 188 of FRP at different strain rates. These studies are summarized in Table 1. The available  189 testing data on tensile strength with respect to strain rates are plotted in Fig. 2 
11
The complex interaction occurring between the fibers and the matrix results in difficulties in 233 assessing the rate dependency of the constituent phases [52] . This type of complex behavior 234 has been observed and reported in the literature, for example, as the strain rate increases the 235 corresponding failure modes change. It can be seen from the literature, the dynamic tensile 236 strength is more likely to increase as the strain rate rises. Accordingly, more parametric 237 studies are still needed to qualify the effect and derive reliable analytical models. A consensus 238 on the strain rate effect on the dynamic failure strain and the modulus cannot be achieved 239 from the current testing data reported in the literature. Qualitative studies are thus still in 240 demand to clarify: (1) whether the failure strain of FRP changes at high strain rate and (2) 241 what is the true relationship between stress and strain of FRP (linear or nonlinear). 242 and analytical studies about this method in the static discipline were quite clearly stated and 256 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   12 presented. However, understanding of FRP-strengthened RC beams under dynamic load with 257 high loading rates is still very limited. There are only a few studies in the literature focusing 258 on the dynamic strength of these beams. This section presents a review of some strengthening 259 techniques used for RC beams in the point view of dynamic responses. 260
FRP Strengthened RC Beams 243
The number of studies dealing with the dynamic behavior of RC beams strengthened with 261 FRP is limited. Among these studies, the free vibration behavior and the response to impulse 262 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 equal to half of the impact force which is extremely large. The shear force thus becomes 281 critical and lead to shear failure. This change in the structural behavior of RC beams 282 strengthened with FRP needs to be investigated against impact loading conditions. 283
Unfortunately, this phenomenon in RC beams strengthened with FRP has not been 284 investigated against the impact loading conditions yet. 285
As experienced in static tests for beams strengthened with FRP, the main issue causing the 286 failure of beams is FRP debonding. In the one-blow impact tests, they can provide a close 287 form of impact events in reality but the progress of failure could not be carefully examined 288 because the duration of the impact event is about a few milliseconds. High speed camera may 289 be used to capture the failure mode in such cases. On the contrary, repeated impact tests do 290 not well simulate realistic impact events but they can provide important understanding of 291 energy absorption and progressive failure of the tested specimen. Previous studies observed 292
that the failure of the tested beams could be initiated with either flexural cracks or shear 293 cracks (depending on the beam designs), which led to cracks opening; and as a result they 294 induced the peeling stress on the interface between the concrete and the FRP laminates. 295
Finally, the specimens usually failed by debonding or rupture of FRP. This progressive failure 296 is qualitatively similar to that under static tests. However, it should be noted that majority of 297 the previous studies about this topic in the literature only give qualitative observations. 298 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 14 by debonding of the outside laminate and then rupturing of the intermediate laminate. 305 Meanwhile, Beam BF2 dropped from 2 m height failed by debonding and rupturing of the 306 laminate. It can be seen that debonding of the laminate was observed in the failure of the two 307 beams. However, since it is difficult to study the progress of the failure mechanism of FRP 308 strengthened RC beams, the first occurrence of the debonding or the rupture of FRP was not 309 discussed in the study. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 than the compression strain at the same section. The debonding strain of FRP was about 4,000 329 with the strain rate of the FRP about s -1 . The lower value of the FRP strain at 330 debonding as compared to those in static tests may be caused by stress wave propagation and 331 multiple drops from the tests in which the damage and the FRP strain were accumulated. 332 Tang 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 with/without sprayed GFRP were tested with impact velocities of 3.43 m/s or 3.96 m/s. Three 377 strengthening schemes were investigated: sprayed FRP on 2 sides, 3 sides without anchors 378 and 2 sides of the specimens with anchors. No sprayed GFRP fracture was observed in these 379
tests. An increase in sprayed GFRP thickness in 3-side specimens led to increase in the 380 specimens' capacities but it did not happen to 2-side specimens. The authors thus 381 recommended that sprayed GFRP should be used on 3 sides of specimens. Unfortunately, this 382 study did not provide an explanation for this phenomenon. 383 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 where  is the resulting moment, I is the impact force, L is the beam span, and a is the 442 overhang length. As shown a significant shear force, equal to a half of the impact load, and 443 bending moment are generated at midspan of the beam upon impacting, which need to be 444 properly accounted for in the design. More information about estimating the impact force can 445 be found in a previous study [79] . 446 447 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 20 From the literature, it can be seen that the failure mechanism of the FRP jacket in the impact 448 loading tests has not been thoroughly studied. Even though quite similar design and testing 449 conditions were followed, researchers reported two different failure modes of RC beams 450 strengthened with FRP under impact loading tests. For example, FRP delamination was 451 reported in the study by Tang and Saadatmanesh [56], but it was not observed in the similar 452 tests by the same authors [68] . The failure mechanism of these types of specimens needs to be 453 further investigated so that understanding of the structural performance and accurate 454 prediction of structural capacity can be expected. 455
Future Challenges
In addition, the bonding behavior of FRP and concrete needs be studied in order to develop 456 bond strength models for RC beams strengthened with FRP under impact loading. Strain of 457 FRP during the loading process needs to be measured for understanding this bond mechanism. 458
The debonding strain and the rupture strain of FRP are also needed, which could be the topics 459 for future research. 460
There is a consensus that the energy absorption capacity of concrete structure significantly 461 increases under the impact loading condition [76, 80] . Strengthening RC structures with FRP 462 also improves the static energy absorption capacity [81] but this definite conclusion cannot be 463 simply made for these structures under impact loading condition due to the lack of studies. 464
There are several popular types of FRP, such as CFRP, GFRP, and AFRP. They have 465 different strength, stiffness, and energy absorption properties and no one FRP material 466 outperforms the other in all aspects [68] . It is thus necessary to investigate the application of 467 different types of FRP used to strengthen RC beams under impact loading conditions. 468 Impact loads will cause structural vibrations, which will generate negative moments in the 469 beam [56, 68] . These negative moments may not be considered in the design, which may lead 470 to failure of the structures in unexpected manners. Tang and Saadatmanesh [56] thus1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   21 suggested to bond FRP to both sides of beams; however the rebound response and vibration 472 need to investigate for a better understanding of their effects on structures' behavior. 473 Therefore, it would be suggested that a load cell utilized to measure reaction forces should be 474 able to measure both compression and tension forces, for example the proposed technique by 475 Kishi and Mikami [82] can be utilized. Accordingly, the reverse loads can be qualified in 476 order to provide references for the design. 477 and CFRP. These slabs were tested under single and multiple blows of drop-weight with a 484 300 kg steel striker. The study found that the amplitude of displacement of each RC slab 485 increased as the impact velocity increased, and the reaction force increased with the 486 displacement. However, after reaching a maximum value the reaction force decreased as it 487 passed through the loading path. These RC slabs were in the elastic region until the impact 488 velocity reached about 3 m/s. It also showed that the maximum forces for these slabs were 489 reached at the velocity about 3 m/s. Two methods of strengthening were also compared in this 490 study, and it concluded that although using the same amount of FRP, cross-directional 491 bonding to slabs provided higher load carrying capacity than that of the uni-directional bond. 492
The failure modes were found independent of the FRP materials, strengthening methods, and 493 loading types (single or multiple blows). Interestingly, the static capacity ratios tend to be 494 higher than the dynamic capacity ratios, where the static capacity ratio and dynamic capacity 495 22 ratio are defined as the respective capacity ratio of FRP strengthened slab to that of the non-496 strengthened slab, respectively. 497
Meanwhile, more studies investigated the blast resistance of RC slabs strengthened with FRP 498 [84] [85] [86] [87] [88] [89] . It was concluded that under blast loading reversed loads might occur so that FRP was 499 recommended to bond on both sides of the slabs. These suggestions are similar to the one 500 suggested for beams under impact loads [56, 68] . Although the study of FRP strengthened RC 501 slab to impact loads is very limited, the response and failure mechanism could be similar to 502 those under blast loads, and to the FRP strengthened beams under impact loads, therefore it is 503 very likely that negative moment will be induced in slabs subjected to impact loads and hence 504
proper strengthening measures need be implemented to account for them. However, this 505 assumption needs to be clarified in impact tests of RC slabs strengthened with FRP. 506
FRP Strengthened RC Columns 507

Impact Resistance of confined concrete 508
Structural behavior of confined concrete has been studied for a few decades. There are two 509 popular types of confined concrete in which confinement can be provided by steel 510 reinforcements (ductile failures observed) and FRP (brittle failure observed). The confined 511 concrete imposed by steel reinforcement has been studied by Scott et al. rate increased, an increase in the compressive strength was observed but the stress-strain 516 curves of confined concrete were not affected. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 23 Recently, FRP is commonly used to strengthen concrete columns. Wrapping FRP material 518 around the perimeter of columns can provide confining pressure on the columns and thus 519 increase the compressive strength of the columns. In the static conditions, strengthening 520 columns with FRP wrap has proven improving the column compressive strength, strain, and 521 ductility [14] . However, the effectiveness of FRP strengthening RC column on its impact 522 resistant capacity has not been well studied yet although a few studies on the composite 523 material properties of FRP-confined concrete under impact loadings have been reported [92-524 94] . 525
Impact Resistance of FRP-confined concrete 526
Shan et al.
[92] used gas gun testing equipment to study the impact resistance of confined 527 concrete filled tubes, in which concrete was filled in a tube that was externally wrapped with 528 FRP sheets. The maximum strain rate achieved ranged between 530 and 1058 s -1 . It was 529 found that damage of these specimens under impact loads was localized to the vicinity of the 530 impact end. The CFRP sheets near the impact end were fractured. Using FRP confinement 531 can significantly improve the compressive strength of the specimens under impact loads. 532
Uddin et al. [93] utilized an Instron drop-tower testing machine to carry out impact tests on 533 concrete specimens wrapped with thermoplastic composite jackets or CFRP sheets. This study 534 aimed to compare the effects of using two different confinement materials in strengthening 535 concrete cylinders under impact loads. The CFRP sheets were found to be ruptured under 536 impact loads, which led to a brittle failure of CFRP confined concrete specimen. Uddin et al. 537
[93] concluded that energy absorption of the polypropylene was higher than that of the CFRP 538 composites confinement. 539 24 Yan and Yali [94] conducted a study on impact behaviors of CFRP confined concrete filled 540 tubes (CCFT) by using a drop-weight testing machine. The CFRP was found ruptured at 2 541 milliseconds after the impact event. The CCFT specimens had shown improved impact 542 damage resistance. By increasing the number of CFRP layers, the maximum impact force and 543 the duration of the impact event can be increased. This finding proved that CFRP confinement 544 can be used to improve the impact resistance of concrete. Interestingly, an increase in the 545 impact energy did not change significantly the maximum impact loads. 546
In brief, these studies only qualitatively investigated the impact behaviors of CFRP confined 547 CFT columns. Some conclusions can be made from these study such as using FRP 548 confinement can increase the compressive strength under impact loads and the FRP materials 549 improve the energy absorption of specimens under impact events. 550
Future Challenges 551
It can be seen from the literature that studies about impact resistance of FRP-confined 552 concrete column are very limited. There are only a few studies qualitatively described impact 553 behaviors of CCFT columns. The impact resistance of FRP-confined concrete has not been 554 thoroughly studied. Therefore, research studies about this gap of the literature are of 555 importance. Some parameters and effects need be investigated in future studies including: 556 quantify the dynamic increase factor, inertial effects, energy absorption ability of FRP 557 confined concrete composite, effect of FRP stiffness on the composite, and rupture strain of 558 FRP under impact loads. 559
There are two possible confinement effects that need be studied in FRP-confined concrete. 560
Under axial loads, FRP-confined concrete tends to expand laterally but the confining pressure 561 from the FRP prevents the expansion thus increases the specimen's capacity. This 562 confinement mechanism is similar to that under static loads. In such cases, the rupture strain 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 25 of the FRP under impact loads is crucial but it has not been studied yet. In addition, when a 564 projectile impacts a specimen, the concrete tends to expand laterally with an acceleration, 565 which causes the inertial force as a confinement pressure [95] . The axial capacity of the 566 specimen thus increases owing to the lateral inertial confinement effects as shown in Fig. 5 . 567
Studies of lateral inertial confinement effect on concrete specimens under impact loads have 568 been reported [94] . No study of the lateral inertial confinement effect of FRP wrapped 569 concrete specimen under impact load has been reported yet. Since FRP wrap will change the 570 lateral expansion acceleration of concrete specimen under impact loads, the lateral inertial 571 confinement effect of FRP confined concrete specimen will be different from that of the non-572 confined concrete specimen. Therefore, it is important to study the lateral inertial confinement 573 effect of FRP confined concrete specimen in order to obtain the true dynamic material 574
properties of concrete with FRP wrap. 575
FRP Strengthened Masonry Walls 576
Introduction 577
In general, unreinforced masonry (URM) walls have shown poor performance even in 578 moderate earthquakes. Their behavior is usually brittle with little or no ductility and, 579 typically, URM walls suffer various types of damage ranging from invisible cracking to 580 crushing and, eventually, disintegration. This behavior constitutes a major source of hazard 581 during seismic events and creates a major seismic performance problem facing earthquake 582 engineers today. proposed, some findings can be summarized. By using a similar amount of FRP, the specimen 606 with woven FRP provided higher flexural capacity than that of the specimen with FRP sheets. 607
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Structural Behaviors and Failure Modes of in-plane response 618
ElGawady et al.
[98] studied the in-plane seismic behavior of masonry infilled walls by 619 testing six full scale walls (3.6 x 3.0 m). GFRP was bonded to two sides of the walls before 620 applying lateral cyclic loads to these walls. Experimental results showed that this 621 strengthening technique provided a higher shear strength of mortar joints and enhanced the 622 stability of the face shell in the out-of-plane direction. This technique was also found to 623 maintain the wall's structural integrity and prevented collapse and debris fallout as well as 624 increased the energy dissipation of the strengthened walls. The strain of FRP at specimens' 625 failure was not reported and failure modes were also not presented except Specimen SP5 626 which showed FRP delamination at failure. The increase in an amount of FRP leads to the 627 improvement of the load-carrying capacity of URM walls and debonding of CFRP was 628 observed [106] . Study of the impact resistance of URM walls in terms of in-plane response 629 has not been reported yet. 630
Conclusions 631 28
This study presents an overview of the impact resistance of FRP strengthened structures 632 including reinforced concrete (RC) beams, RC slabs, RC columns and masonry walls. 633
Although some issues still need to be investigated and clarified, it can be concluded that FRP 634 can be utilized to strengthen and protect structures against impact events. The findings 635 presented in this study are summarized as follows: 636
1.
FRP materials can be used to improve the impact resistance of RC structures including 637 beams, slabs, columns and masonry walls. They lead to an increase in the load carrying 638 capacities, ductility and energy absorption. 639 2.
The tensile strength of FRP materials increases as the strain rate increases while a 640 conclusion on the failure strain and stress-strain relation could not be made. 641
3.
Debonding mechanism of FRP and its rupture strain under impact loads are still unclear. 642
4.
Reverse loads in RC beams and RC slabs may cause negative moments, which lead to 643 unexpected failures. They need to be investigated and taken into account in design. 644
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